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THERMO-ELECTRICITY: 


THEORETICALLY 


AND 


PRACTICALLY CONSIDERED. 


IN studying Electricity, one of the first thoughts to occur 
is concerning its nature—What is it? So simple, so 
easily excited, yet so subtle as to evade our keenest 
analysis, of what does it consist ? 

Few have attempted to answer the question. Few have 
ventured to formulate any theory—they merely point to its 
various laws. 

There is a wide divergence between the ideas which, at 
different periods, have obtained concerning this mighty 
force. The wondering, awe-struck ancients, spoke of 
“ Jove’s thunderbolts hurled from Olympus ;” then, genera- 
tions which followed, of “the attractive property amber 
acquires when rubbed ;” and now, the more scientific 
moderns, have had the later conception of “ the two electric 
fluids ;” but, by common consent, no satisfactory definition 
has yet been established. 

Turning various facts over in my mind during the years 
1884 and 1885, at the end of 1885 I wrote this as a theory 
—* Electricity is a mode of motion produced by friction of 
molecules against each other, and conveyed away by the 
‘best conductor.” 
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Further researches have enabled me to extend this 
formula ; and I now offer the following as more complete— 
Electricity is one of the effects of the interaction of atoms 
and molecules in virtue of their physical properties. Just 
as Heat is now known as a mode of motion, and is produced 
by the friction of matter, we might similarly say that— 
Electricity is a mode of motion, a flow of molecular vibrations 
produced by the friction of molecules against molecules (which 
by various methods have been brought into different con- 
ditions), and conveyed away by the best.conductor. 

Of all the various sources of electricity which one can 
take to prove this theory, and learn to its fullest, even if 
only to a small extent its nature, which will answer our 
purpose best? After carefully thinking over the various 
sources, whether Friction machines, Voltaic cells, Dynamos, 
Percussion, Vibration, Disruption, Cleavage, Crystallisation, 
Solidification, Combustion, Evaporation, Atmospheric in all 
of its varieties, Pyro, Animal, Vegetable, or Thermo- 
electricity—Thermo-electricity for many reasons appeared 
the best. 

To a considerable extent it was an untrodden field, and 
one in which there was more promise of fresh facts 
than in any of the others. This and other things decided 
its selection. Accordingly, during 1886 and part of 1887, 
having time at my disposal, I was able to test what I have 
now advanced. 

Most substances have a proportionate conductive energy 
for heat and electricity. For heat the conduction is slow, 
while for electricity it is all but instantaneous. The relation 
between the two appears to be that electricity in its trans- 
mission always generates heat, and that heat, whenever it 
crosses two molecules in dissimilar conditions, or of 
dissimilar specific properties, generates an electric current. 

Without passing in review the various metals which have 
been tabulated by different writers as to their Electromotive 
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force, and the various forms of Thermo-batteries and 
Thermo-couples that have been used, tried, or experimented 
with, and are a matter of history ; I may just say that the 
experiments that are here selected for description have all 
been made with soft Iron for the first couple, and Zinc- 
antimony for the second. Many other metals and different 
substances have been tried during a series of some few 
thousands of experiments ; but to simplify the argument 
and to clear the ground, I shall only mention a few 
experiments, and confine them to these two metals, which 
were chiefly used. 

In making any desired couple, it was clearly necessary to 
see that the Iron was clean ; that exactly the same quantity 
and proportion of Zinc and Antimony were used, and cast 
as nearly as possible under the same conditions ; that a 
perfect joint was made in casting, so that the Iron and Zinc- 
antimony were one body. Otherwise many false results 
would have been registered ; and I may mention that all 
the results described have been tested at least four, and the 
majority more than a dozen times. 

Before we can expect to test any conclusion in this 
matter, we must quote several experiments that have been 
made, and in about the same order in which they actually 
took place. Without this it will be impossible cither to 
explain or understand what actions really go on, though 
ultimately these will lead up to, and throw some light upon 
the point we are trying to prove. 

In testing the Thermo-couples, we used a Bunsen gas 
burner to produce the heat, and a piece of sheet iron of 
convenient shape, resting upon non-conducting supports, to 
supply the heat to the couples; the usual wires being 
connected by binding screws to the couples, or leads to 
the galvanometer, or to the tangent galvanometer ; and a 
thermometer to test the degrees of heat (Fig. 1). 

We may take the conductivity of Silver at too, that 
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of soft Iron at 20°18, and that of cast Zinc antimony at 
about 5°5. 
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We will mention three distinct forms of couples which 
will help us to understand the subject. 

1, Cut out an angle piece from a sheet of 20 gauge sheet 
Iron (Fig. 2), say 244 inches high by 3% to 4 inches long, 


— 


Fig. 2 


al 


and 3/16 to % inch wide. Take the bottom end and twist it 
into a coil (Fig. 3); pour the Zinc-antimony into it, and 
you have the two metals in combination. 
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If an iron strip, thin pointed, can be cast into the zinc- 
antimony SLIGHTLY, so that it balances itself, it makes the 
experiment easier. Connect the two ends up, raise the 
heating surface to about 375° F., and the galvanometer will 
give, say 50° galvr. (Fig. 4). Have a pot of melted wax 
at the same temperatures ready at hand, and plunge the 
Thermo-couple into it. No E.M.F. is indicated, and at 
once the galvanometer falls to zero. 
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Take three of these and join them together by a copper 
wire lead just touching the centre of the next couple 
(Fig. 5); the galvanometer registers 70° galvr. 


Now take three others, cast firmly, and connected together 
in casting, thus (Fig. 6), and at 375° F.—what is the result ? 
Is it 70 galvr.? No, galvr. zero! 

Take couple Fig. 4 again, with different temperatures, 
300° F. shows 40” galvr.; 375° F. shows 50° galvr.; but strange 
to say, if carried up to 400° F., in spite of Sir W. Thomson, 
or the “ Thomson effect” of the iron being in its favour to 
indicate a higher E.M.F., the galvanometer falls back to 
44° on the scale. 

Let us now try what result it will give if we firmly solder 
the iron lead a into the zinc-antimony iron couple. Strange 
to say the galvanometer falls again, and this time it is at 
zero instead of at 50° galvr. Why is this? What is the 
- meaning of it ? 


f FACULTY Of PLIED SCIZNCE 


We now construct another of these Zinc-atitimony Iron 
couples, but instead of pouring the ZA into the Iron coil 
level, we will more than fill it with ZA (Fig. 7), and raise 


the temperature to about 400° F. If we put the iron 
lead connection on to the top at a, galvanometer shows 46”, 


pom 
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but if we twist the copper lead firmly round the bottom of 
the alloy at 4, instead of 46° being indicated at the galvano- 
meter, we cannot get more than 41-42". How is this? 


Remembering that the conductivity of Iron is almost four 
. times that of ZA, and therefore the more we can bring the 
molecules of the two metals into friction the greater E.M.F. 
will be obtained, let us cast a couple in the following form. 


Take again a piece of 20 gauge sheet Iron, cut it to 
pattern (Fig 8.), instead of into the narrow strip; roll this 
into a coil as before, and we have, after casting the ZA upon 
it, a couple in this form (Fig. 9). Lay the copper lead 
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(a) firmly on, and we have as a result about 40° galvr.—not 
equal to Fig. 4. Now to understand the reason of this, we 
must seek an explanation in some other direction. 

Before turning to some older forms of Thermo-couples, 


let us mention a few results from others, which we will call 
Class 2. 


Take some Iron rings 54 inch diameter and '*/;3 inch deep 


12 


(Fig. 10); cast two Copper leads into the Alloy when casting 
the Zinc-antimony into the rings. At 350° F. it shows 
15° galvr., and at 400° F., 25° galvr. Again with similar rings 


cast two German silver leads into the alloy: at 350° F. it 
shows 1° galvr.; and at 410° F., 1° galvr.the same. But if one 
German silver lead and one Copper lead is used, at 410° F. 
it shows 42° galvr. Construct three of these rings, fasten 
their leads firmly together, German silver to Copper: at 
330° F. we get 50° galvr., and at 410° F., 60° galvr. 

Again, let us take a piece of 20 gauge sheet Iron, like 
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Fig, 2, but cut the foot longer, and instead of turning it into 
a coil, turn it into a square (Fig. 11), lay a copper lead on 
at a, and you cannot get more than 40 to 45° indicated upon 
the galvanomcter. Lay a second lead in connection with 
the first one at 4, and you obtain 49° galvr. Lay a third one, 
also in connection, on at ¢, and 54° galvr. is the result. 

These experiments are interesting, but we do not under- 
stand the reasons of the results yet, and we must do so to 
guide us into further knowledge. It must be pointed out 
that unless the connections are in close contact, the resistance 
is so tremendously increased that for any commercial purpose 
the system is absolutely valucless. We will, therefore, turn 
and experiment upon some of the older form of Thermo- 
couples, and see what can be learnt from them. 
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These form Class 3. Remembering the old rule, that 
the thermo-electromotive force is proportional to the differ- 
ence of temperature of the junctions, let us construct some 
couples, 3% x % x % inches, by taking 18 gauge sheet 
iron, and cutting the ends into three slits, which, when 
twisted and having the ZA poured in, will form the junctions 
(see Fig. 12). Heat up to 375° F., and we have only 33° on 
the galvr. This is clearly going backwards. Now let us try 
‘half the length of couple, say 134 x ¥% x % inches 
from 20 gauge sheet Iron (Fig. 13), connect up, and at 


the same temperature we have 42° galvr., or a little better 
than the result of the longer ones (Fig. 12), which is in 
direct contradiction to the recognized laws on the subject. 
Now let us take wire gauze double, instead of 20 gauge 
sheet iron, say about 16 mesh, and construct 2 couples, say 
1% x 5% x % inches (Fig. 14). Try them at 410° F., 
and we get 49 to 50° galvr. This is better. But we will try 
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and get the molecules into a state of still greater friction one 
with the other. Remembering that the conductivity of Iron 
is 20°18 and ZA 5'5, and that the larger the Iron surface- 
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friction against the ZA, the greater the E.M.F. we might 
expect to create, let us construct an element 134 x 54 x 7% 
as the last and with the same materials. Let us insert, 
upright, into the ZA a number of pieces of this Iron wire 
gauze, alternately 1 and 134 inches long, connected to the 
bottom Iron (Fig.15). Heat up as before. We look anxiously 
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at the galvanometer. It begins to rise slowly, slowly, slowly, 
and stops, instead of at 50, at 8°. Why is this? We cannot 
as yet the reason see! The Iron being the best conductor 
of heat, its molecules SHOULD (in Fig. 15), according to the 
theory advanced, strike the molecules of ZA, and generate 
a greater E. M. F. as the consequence. How can we get at 
the truth of this matter with Fig. 15 staring us in the face? 

With regard to the molecules of bodies, three different 
states of aggregation present themselves: First, the solid 
state; second, the liquid or fluid state; third, the gascous state. 
These experiments have only to do with the first or the 
solid state, although, of course, the two latter come into 
play in many of the other sources of electricity. From 
considerations based upon various physical phenomena, 
Sir W. Thomson has calculated, that, in ordinary solids 
and liquids, the average distance between contiguous mole- 
cules is less'than one hundred millionth, but greater than 
the one two thousand millionth, of a centimetre ; and to 
form an idea of the size of the molecules, Sir W. Thomson 
gives this illustration :—“Imagine a drop of rain, or a glass 
_ “sphere, the size of a pea, magnified to the size of the 
“earth, the molecules in it being increased in, the same 
“proportion. The structure of the mass would then be 
“coarser than that of a heap of fine shot, but probably not 
“so coarse as that of a heap of cricket balls.” Professor 
Tait, when making the same calculation, suggested marbles. 
The number of molecules in a cubic inch of gas at oC. tem- 
perature and 760 millimetres pressure, has been calculated 
to be about one hundred thousand million million million, or 
100,000,000,000,000,000,000,000 (1023). The molecules of 
a gas are always in a rapid motion. The mean velocity of 
hydrogen molecules at oC. and 760 millimetres is about 
6,000 feet, or 11/7 miles per second (the length of its path 
being .0,001,855 millimetres, and nine thousand four hundred 
and cighty millions [9,480,000,000] for the number of its 
impacts). . 
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These molecules and atoms are what we are dealing 
with, and their extreme minuteness it is which makes it so 
difficult for the mind to conccive them, and to understand 
in any way the part they play. 

We construct four cubes, one cach of Iron, and ZA, in 
34 inch, and one each in 1 inch cubes. After putting a 
little wax on the top of each, and placing all at the same 
time on the heated surface, we find that with the 34 inch 
cubes the wax on the top of the ZA melts first ; but with 
the 1 inch cubes the wax on the /ron melts before the wax 
on the ZA. 

Now we construct two bars 44 inch square, one of soft 
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Iron, and one of Zinc-antimony, and fix upon each bar peas, 
by tallow, sealing wax, or any suitable material, 4 inch 
apart, the bars being held by convenient stands. We light 
a Bunsen burner to produce the heat, and place it exactly 
in the centre of the space between the two bars. What 
are the results? Of course, if we had not tried the cubes 
experiment we should have said that the Iron, being the 
better conductor, would take the heat first ; but no, to our 
surprise, the peas on the bar of ZA fall first, about in 
this order : 
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We try this several times, in 
several ways, with different 
degrees of heat, and different 
sized bars ; also with shot, set 
} inch apart, instead of peas 
at ¥ inch, but a/ways with a 
result closely similar. Singu- 
larly enough, we find the heat 
takes from twice to four times 
as long to travel to the last. 
pea that falls from the Iron 
bar, as to the last pea that falls 
from the ZA bar. 


Fig. 17 shows the Iron and 
ZA bars put side by side, and 
the proportionate rate the 
heat travels upon each, as it 
arrives at a, 4, ¢, d, etc., on 
each of the bars, at about the 
same time. 


es  - = 
J 4 
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Fig. 18 gives a very rough 
idea of the proportionate 
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stress that the ZA molecules exercise upon the Iron mole- 
cules, showing that the first contact of heat is by far the 
greatest. 

Fig. 19 contains two curves representing the rate at which 
the heat travels along the bars of ZA and Iron. But, of 
course, the rate varies according to the temperature and 
according to the iron used, whether hard, soft, or annealed 
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In these striking facts we think we have light cast upon 
this subject, and shall find that we have something to work 
upon. We learn that ZA, having fewer atoms than Iron, 
the nearest portion of the ZA bar is heated before a similar 
portion in the Iron bar, although the Iron is almost four 
times a better conductor of heat. So that it is not the 
_ molecules of the Iron swinging in friction or with vibra- 
tory stress against the ZA that causes the flow of 
electricity, but it is the molecules of the ZA swinging 
in friction or with vibratory stress against the mole- 
cules of the Iron. This can further be explained. In this 
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combination of ZA and Iron, ZA receives and loses heat 
first, and the molecules have taken up their full complement 
of heat before the Iron in the earliest portions of a short 
thermo-couple junction; Heat, the motive power, is then 
able to do work, and drives them in frictional stress against 
their slower but more enduring neighbours, which is the 
true explanation we have been looking for. 

Therefore, understanding now the action of this combi- 
nation, we simply have to continue more experiments, and 
to make more Thermo-couples to conclusively prove our 
point, for the greater the friction and flow of molecular 
vibrations we can really get into play, so long as there is a 
continuous flow, and no counter E. M. F. or drag, brought 
about, the greater will be the E. M. F. produced. 

We might almost compare the molecules of the ZA and 
Iron to two sets of cog wheels, with their cogs interlocking, 
but only vibrating, not revolving. The ZA cogs, moving 
the sooner, act upon the series of Iron cogs, and therefore the 
faster and stronger the ZA cogs run, the greater the friction 
upon the cogs of the Iron, and the greater the E. M. F. 
generated. Or we might compare them to two sets of 
springs interlocking—the ZA springs starting first, move in 
continuous vibration upon the Iron springs. Evidently, then, 
if any of these Iron cog wheels in any part of the machine 
(Thermo-couple) have a quicker and more powerful swing 
than the ZA cogs, a counter force is brought into play, 
and a smaller molecular stress, or E. M. F. is produced. 
So that, if we can by any process, or by any means, get the 
Iron cogs to vibrate more powerfully than the ZA cogs, 
we shall still have an electric current set up, because the 
molecule cog wheel, or the molecule spring, is doing work 
and setting up a flow of molecular vibrations, though in 
this latter case the Iron molecular cogs are the motive power 
in friction or with vibratory stress against the ZA cogs, and 
not the ZA in friction or with vibratory stress against 
the Iron. \ 


With these explanations, before making new couples, we 
will look into the reason of some of the results indicated in 
some of the old experiments that have been described. In 
Figs. 4 and 5 the ZA cogs move sooner, and have a 
more powerful swing than the Iron cogs; they take 
-up the heat and lose it more quickly than the Iron, 
and the potential stress, or E. M. F., having been gene- 
rated, it is taken away by a touching contact, and the 
E.M.F. created is recorded in the galvanometer. Now what 
takes place when Fig.,6 is brought into trial, or when the 
leads of Figs. 4 and § are soldered so as to make a continu- 
ous connexion? Simply this: the iron or copper lead be- 
comes an incorporated part of that couple,and although there 
are cog wheels always in action in the couple, the Iron cog 
wheels of the lead, being at the same temperature as the ZA, 
are not at work, and no E. M. F. is indicated. We will show 
this, but without using solder. Take Fig. 4, and instead of 
a thin copper or iron lead, let us use a fine strip or bar of 
copper, and let the end of this touch the couple (see Fig. 
20) ; what does the galvanometer indicate? 40 galvr.! 


Now let us place this copper bar flat across the couple 
(Fig. 21); the galvanometer falls to 3°. If it had been 


soldered it would have indicated zero, but some small air 
spaces are between, and some few of the ZA cogs are 
yet moving, or in the ascendency. Of course the main 
cause of this alteration is the change of the position of the 
copper bar, which in the second case allows the Iron 
molecules to be almost the same temperature as the ZA 
molecules, and which, therefore, is acting as a drag, z¢., pre- 
venting the ZA molecular cogs from doing work upon the 
Iron molecular cogs. Fig. 7 shows the same cause at work 
in a modified form. 

The galvanometer shows (Fig. 4), at 375° F., that the ZA 
molecular cogs have the most power; but when the couple 
is plunged, at this temperature, into the pot of melted wax, 
all molecules, both ZA and Iron, are brought to the same 
degree of heat, therefore no molecular stress, ZA against 
Iron or Iron against ZA, is possible; the two sets of 
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molecules in this couple are now in a state of unison, and 
for that reason no electrical energy is generated. 

Now let us take Fig. 9, but transformed into a new couple, 
breaking off the outside ZA (Fig. 22). When we tried Fig. 9 


couple in the original form it gave 40° galvr., but now, 
taking the spare lead and touching the alloy ZA at the top 
¢, it gives about 41°, or similar results to the old Thermo- 
couple. Now at 4 it gives, after the galvr. has come to rest, 
44°, and at a 48". The explanation of this is the same. At 
¢, the Iron has brought up the heat and is causing a drag 
upon the ZA cogs when the galvr. gives 41°; at 4 this drag 
is smaller, and gives 44°; at a it is smaller still and gives 
48" ; and no doubt, had we tried the ZA lower down, where 
there would be still less drag or back friction, this furnace 
of cog wheels would give 50° at least. 

Fig. 10, after allowing for the thermo properties of the 
metals, we think explains itself. Fig. 11 shows, in this 
particular form, that all the E. M. F. generated is not taken 
off by one lead. 

In Fig. 13, instead of connecting up both ends, let ur 
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fasten only one end to the Iron, and with the loose end 
touch the Alloy at a2. What do we now get ?— 48° on the 
galvr. instead of 42°! This shows that the top Iron has taken 
up a great deal of heat, and brings in a counter E. M. F. 
or drag, and thus prevents the full working of the ZA cogs, 
as indicated by the galvanometer. 

We have seen that these experiments do not bear out the 
old law viz.: “That the greater difference in temperature 
between the two ends of a couple, the greater E. M. F. will 
be produced.” For we have shown (Fig. 12) that couples 
3% high, give 33-34° on the galr. ; (Fig. 13) 134 inches high, 
42° galr.; and (Fig. :4) 1% inches high, 49-50°. But we find 
that if we make the wire gauze into Thermo-couples 1% 
inches high, we shall have a still /ess difference in tempera- 
ture between the two ends of the two couples, but we 
increase our E. M. F. considerably; the same _ heat 
easily showing 60° galr, Two couples with heat 450°F. 
can be made to indicate 80° galr. At this temperature the 
thermo properties of the Iron are of course much improved 
by the Thomson effect. Indeed, rightly applied, 100° 
difference in temperature gives better results than 200° 
applied wrongly. 

The true law of thermo-electricity is— 

THE ELECTRO-MOTIVE-FORCE IS PROPORTIONAL TO 
THE RATE OF SPEED AT WHICH HEAT PASSES THE TWO 
JUNCTIONS. 

Turning to Figs. 16 and 17 for a moment, let us notice that 
the peas a/ways fall off the ZA first. This shows, as we 
intimated before, that they receive the heat sooner, and are 
soon hotter than the Iron molecules, and that the ZA 
molecules (Fig. 19) strike in frictional stress against the Iron. 
But it shows more ; for if the Iron is allowed to penetrate 
into the body of the ZA, a counter E. M. F., or drag, is set 
up, and the greatest E. M. F. is produced by the first thrust 
of the heat of the ZA molecules against Iron. Everything 
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favourable to that naturally produces better results, by 
promoting greater continuous friction of the molecules. 

Let us now take 16-mesh Iron wire gauze as before, to 
form two sets of couples, and fold it in three. In one case, 
folded loosely and not pressed together, the Iron gauze will 
show as in Fig. 23; in the other, pressed or even hammered 


together, the Iron gauze will show as in Fig. 24; now 
let us cast six couples upon each of these, and. to bear out 


natural deductions from Figs. 16 to 19, the six couples cast 
to the pattern Fig. 24 should show the best results, or a 
greater E. M. F. 

Let us heat them both up to about 325° F.; these are 


the results :-— 
¥,.Heat. Galvr. Tang. Gal. Gal. & 1000 ohms. 


Six couples Fig. 23... 325° F. 75° 6° and 35}° 30° 

Six couples Fig. 24... , 774° 74° and 44" 324° 
Very many other experimental couples were constructed, 
all the tested results of which indicated analogous con- 
clusions. We thus see, comparing these last facts with Figs. 
1§ and 22, that the investigations are abundantly verified. 
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I made another experiment upon one of the same kind 
of couples, trying what effect could be obtained by putting 
it into a powerful vice. After carefully insulating the jaws, 
connecting the leads up from the couple to the galvanometer, 
and putting considerable pressure upon the handle of the 
vice, I found about 2° indicated. Left thus for about ten 
days the same current was shown ; left again, but this time 
for three months, all the current had gone. But on 
unscrewing the handle of the vice, the galvanometer 
indicated a small reverse current. 

I have thought it better, as mentioned at the outset, to 
confine our attention to these two metals in conjunction 
with each other. In dealing with other metals or alloys, 
their physical properties and characters have to be carefully 
examined and thoroughly enquired into, to understand, in 
a small measure, what work their atoms and molecules are 
doing. 

It is most interesting to turn up the experiments of 
Erman, who showed that a violent blow struck by one 
substance upon another, produces opposite electrical states 
on the two surfaces, and found that taking the thermo- 
electric series of metals, each substance will take a + 
charge on being struck with one lower on the list. Bismuth, 
German Silver, Lead, Platinum, Zinc, Copper, Iron, Antimony, 
etc., etc. This again goes to prove the theory with which 
we started, since the violent blow given, places the molecules 
of each of the two metals, each substance having physical 
properties of its own, in a state of stress, so that if these 
blows could be continuously delivered, cog wheel friction 
would be set up, and an E. M. F. produced. Since this 
stress—this state of molecular tension—this static electricity 
remaining—always runs to the weakest part of any particular 
body, it naturally remains upon any point of a large body 
where the molecules are most at liberty to come into play, 
rather than in the mass of the body itself ; and perhaps the 
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molecules of the larger part of the body are acting as a 
stress upon the molecules of the pointed or smaller parts of 
the body. 

We think we have now shown what we started to prove. 
The molecular movements that take place in a Thermo- 
couple are only a sample of what must take place in all of 
the various other sources of electricity mentioned at the 
outset. The same kind of actions of molecules and atoms 
are brought into play, in the chemical combinations of the 
Voltaic cell, in the revolving magnets of a Dynamo, in the 
heated junctions of the Thermo-couple, and in every other 
source of electricity. 

There are not two electricities but one. 

The solid earth, with its immense storehouse of quad- 
rillions of trillions of billions of molecules, may be taken, 
for sake of argument, as resting at zero, and when molecules, 
by what means soever, are placed in a state of potential 
stress, which we call +, or a lacking void, which we call —, 
mother earth when brought into connection with them, is ever 
ready, so far as it is able to give them what they require, 
and let them, in a measure, return into a state of rest. 
With the earth's great storehouse to help, we are thus 
able to bring “ the Thing called Electricity” into use for the 
various purposes for which it is now employed. 

We think these explanations point to the fact that the 
vibrations produced by heat upon molecules and atoms, 
similarly constituted, are of the same kind and act together; 
but when these atoms or molecules are differently con- 
stituted, so that they respond to the heat vibrations in 
different ways, the different set of molecules act upon one 
another, and bring into play a different set of physical 
clastic properties, which produce other molecular motions, 
—which new molecular motions or vibrations confinue in 
a flow, right along the conductor, to its destination, and 
which is the current electricity of our present telegraph 
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service. If a too strong potential is turned upon a 
thin wire, the impact on the molecules or cogs, is more 
than they can bear, so that the wire is unable to carry 
the potential ; the atoms and molecules being pushed out 
of the angle to which they are capable of swinging, the 
molecules come into counter friction with each other, pro- 
ducing heat, which, if allowed to go on, raises the wire to a 
state of incandescence, and eventually burns it up. 

Of course, current electricity or molecular vibrations take 
the easiest path, and naturally those on the outsideof the wire, 
in contact only with the atmosphere and the ether, vibrate 
the most easily. Thus it is made clear that when the electric 
wires are covered, as in cables or under-ground wires, the 
covering interferes with the free molecular stress or vibra- 
tion, and slows the telegraph speed, as is so well-known. 

An illustration has sometimes been given of current 
electricity as a series of billiard balls connected together ; 
hit one, and the last one replies. Such is not a true repre- 
sentation of the case. \t rather resembles a series of cog 
wheels ; vibrate one, and the last molecular cog at the other 
end of the metallic connexion turns, vibrating in reply. The 
billiard ball illustration would more aptly apply to the 
telephonic instruments, which occasionally have been 
arranged to work on the same wire and at the same time 
as the cog-wheeled vibratory current electricity. 

Professor Clausius has stated his belief that there are 
only two material forces at work—heat and electricity. I 
believe there is only one (save the physical material pro- 
perties of matter), viz.: heat ; and that electricity and light 
proceed from it. 

The relative positions of molecules and atoms in solids 
being fixed, and contiguous to each other, when the expen- 
diture of force comes, effects are communicated that are 
well-known. Molecules in the liquid state, more readily 
glide past one another, and they assume the form of any 
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vessel in which they are placed. Molecules in the gaseous 
state, are still more susceptible of motion, depending upon 
the pressure to which they are subject; but a molecular 
solid passes into a liquid before it can pass into the gascous 
state, so in the gascous state the gaseous molecule must 
still retain some connecting link with its liquid molecule, 
and this again witha solid molecule. Professor Tyndall has 
ably and conclusively proved this, and has shown that 
molecules, after they have been released from the bonds of 
cohesion and reduced to a state of vapour, still retain, in 
this gaseous form, many of the differences and peculiarities 
that they possess in the solid form. 

We have shown that with a small couple a moderate 
current can be produced. Imagine large numbers of these 
acting with each other, or huge quantities of matter in 
electrical s¢ress in the earth, and we will get some idea of 
one of the powerful factors which must have been at work 
in the formation of our world And this idea will be 
‘strengthened by aid of the belief that when bodies fall into 
the sun, forming sun spots, with their gaseous flames of 
§0,000 to 350,000 miles in length, huge molecular electrical 
friction is set up, generating such vast electrical energy, that 
it is communicated through a distance of 93,000,000 miles, 
and when it reaches our earth the effects are felt by the 
increased daily variations of our magnetic needle. 

Regarding the beautiful electrical experiments in vacuum 
and partial vacuum that have been made by Prof. Crookes, 
are not the results, with these views, what might have 
been expected? and if an ABSOLUTE VACUUM can be 
formed, which would be analogous to taking all molecules 
and atoms out of existence in that space, the certain result 
would be, no electric current could pass—fhere are no 
molecules and atoms to convey the clectric current across 
such a vacuum to the second pole. 

Without enlarging more fully at present upon these 
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investigations, does not Electricity, with the conclusions 
derived from the new facts described, become a much 
simpler and a more understandable science than what we 
have hitherto been accustomed to think it is ? 

I may state that I have in the course of these experiments, 
among other things, used as one item 18 cwt. of antimony ; 
and to test conclusions, I constructed an Electrical Furnace 
which has 6,000 elements, and of which a copy from a 
photograph is annexed. The heater, which occupies the 
interior of the cylindrical arrangement of elements, is a 
slow combustion stove of particular construction. In the 
centre it is fed by a continuous tube charged with coke from 
the top; this opens at the end into a fire-box or basket 
closed at the bottom by bars, and on these bars are placed 
a cone which causes an outward distribution of the fuel as 
it descends from the supply-chamber. Around this supply- 
chamber there is a concentric casing filled with sand, which 
retains the heat for many hours after the fire has burnt 
out, and prevents the heating and cooling from taking place 
too rapidly. Outside this last casing, there is again 
another casing concentric with it, and between these are 
three spiral flues. The heat and products from the 
fire ascend by these flues, and at the top of the casing 
there are three apertures by which the products of combus- 
tion are delivered in a common up-take which leads to the 
chimney. 

In this way, and by the help of regulating flues, the 
exterior casing is very equally heated; a sufficient tem- 
perature is easily maintained, and this without any risk 
of overheating the elements. The inner faces of the 
thermo-elements are in close proximity to this heated 
casing, although not electrically connected with it. Thus 
the requisite heat is supplied to the couples, and each row 
being connected together by binding screws, for convenience, 
the total number of elements can be. arranged row by 
row, either in one circuit or multiple arc as desired. The 
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electrical current flows as described, and can be employed 


for any purpose for which it is required. 
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The stove simply as a stove, was found capable of 
producing a tremendous heat, and from an actual trial 
in testing, before the thermo-elements were added, allowing 
all the dampers, etc., to be out, and giving it full play, 
within twenty minutes of lighting the fire, such heat was 
generated that lower parts of the iron furnace melted like 
wax. 

This Electrical Furnace, this Magnopile, gave in actual 
work an E, M. F. of 96 volts, with a resistance of 11°5 
ohms. This resistance need not have been more than 10 
ohms, and better results can yet be obtained. The cost 
was at the rate of about 6a. per 10 hours. Prof. 
Silvanus P. Thompson who, on several occasions, has 
kindly given me suggestions in the construction of 
the Magnopile, advises me to make it known. Through 
other pressing engagements, I have been taken completely 
away from this work, and have not had opportunity to 
complete it commercially, but it is certainly only a matter 
of time and detail. A Magnopile will assuredly be 
completed, and will, in the future, be a commercial 
success. 

After attending the British Association this year at Bath, 
and hearing the address of the President of Section A, 
describing electricity as “The Thing called Electricity,” 
I am induced to offer, after a two-years’ silence, these facts 
and thoughts to the scientific world—the true explanation 
of the phenomena of Electricity. 


LEversleigh, Leicester, 
October, 1888. 
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Practical Hydraulics ; a Series of Rules and Tables 


for the use of Engineers, etc., etc. By Tuomas Box. Fifth edition, 
numerous plates, post 8vo, cloth, 5s. 


The Essential Elements of Practical Mechanics ; 
based on the Principle of Work, designed for Engineering Students. B 
Oxiver Byrne, formerly Professor of Mathematics, College for Civil 
eee Third edition, with 148 wood engravings, post 8vo, cloth, 
7s. 6d. 


CONTENTS: 


Chap. 1. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time—Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion—Chap. 3. The ae expounded in the first and 
second chapters are applied to the Motion of Bodies—Chap. 4. The Transmission of Work by 
simple Machines—Chap. §. Useful Propositions and Rules. 


Breweries and Maltings: their Arrangement, Con- 
struction, Machinery, ‘and Plant. By G. ScaAMeE.t, F.R.LB.A. Second 
edition, revised, enlarged, and partly rewritten, By F. CoLyer, M.LC.E., 
M.IL.M.E. With 20 plates, 8vo, cloth, 18s. 


A Practical Treatise on the Construction of Flori- 


contal and Vertical Waterwheels, specially designed for the use of opera- 
tive mechanics. By WILLIAM CULLEN, Millwright and Engineer. With 
11 plates. Second edition, revised and enlarged, small 4to, cloth, 125. 6d. 


A Practical Treatise on Mill-gearing, Wheels, Shafts, 


Riggers, ec.; for the use of Engineers, a, Tuomas Box, Third 
edition, with 11 plates. Crown 8vo, cloth, 7s. 6d, 


. . . . . . . 

Mining Machinery: a Descriptive Treatise on the 
Machinery, Tools, and other Aer used in Mining. By G, G. 
Anpr&, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author’s Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/, 12s. 

CONTENTS : 
Machinery for Prospecting, Excavating, Hauling, and Hoisting—Ventilation—Pumping— 


Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron 
Coal, Sulphur, China Clay, Brick Earth, etc. 


Tables for Setting out Curves for Railways, Canals, 
Roads, ett., ope yom a radius of five chains to three miles. By A. 
KENNEDY and R. W. Hackwoop. J//ustrated, 32mo, cloth, as. 6d. 
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The Drau eemen s Handbook of Plan and Map 
7 ter All pper instructions for the preparation of 
echanical Drawings. With numerous vations 
in “per text, a 33 (15 printed in colours), By G. G. Anpvas, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9s. 


CONTENTS: 


The Boiler-maker s and Iron Ship-builder's Companion, 


nn pl carting opm Aly maga eatin of the 
tort spay deere eae in the iron trades. By James Fopen, 
author of ‘ Mechanical Tables,’ etc. Second edition with iliustra- 
tions, crown $vo, cloth, $+. 


Rock Blastin 7a Practical Treatise on the means 
Fs) As ng Rocks for Industrial Purposes. By G, G. Anpré, 
Assoc. Inst CE. With 56 illustrations and 12 plates, $¥o, cloth, 


Painting and Painters’ Manual: a Book of Facts 
for Painters and those who Use or Deal in Paint Materials. By C. L. 
Connprr and J. Scuerrer. Ji/ustrated, 8vo, cloth, 108, 6¢. 


A Treatise on Ropeinaking as practised in public and 
private Rope-yards, with a Denaiption bh sensed on: Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. par g leg formerly foreman to Messrs. Huddast 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, 12mo, cloth, 3+. 


Laxton's Builders’ and Contractors’ Tables; for the 
use of neers, Architects, Surv Builders, Land. eon an 
others. yer, containing 22 with nearly 30,000 ca 

4to, cloth, 5. 


Laxton's Builders’ and Contractors’ Tables. Ex- 


Land, Water, and Gen, tables, with near! 
peony cavator, Earth, aa es containing $3 y 
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Sanitary E mgrnesrsng’ a Guide to the Construction 
of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By BALDwin Latuam, C.E., M., Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts, 8vo, cloth, 14, 10s, 


Screw Cutting Tables for Engineers and Machinists, 
giving the values of the different trains of Wheels required to are 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Cloth, oblong, 2s. ' 


Screw Cutting Tables, for the use of Mechanical 
Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. MARTIN, Engineer, 
Second edition, oblong, cloth, 1s., or sewed, 6d, 


A Treatise on a Practical Method of Designing Shde- 


Valve Gears by Simple Geometrical Construction, based upon the principles 
enunciated in Euclid’s Elements, and comprising the various forms of 
Plain Slide-Valve and Expansion Gearing ; together with Stephenson’s, 
Gooch’s, and Allan’s Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Epwarp J. COWLING WELCH, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, 65, 


Cleaning and Scouring: a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S, CHRISTOPHER. 18mo, sewed, 6d. 


A Glossary of Terms used in Coal Mining. By 


WILLIAM STUKELEY GRESLEY, Assoc. Mem. Inst. C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. J//ustrated with 
numerous woodcuts and diagrams, crown 8yo, cloth, 5s. 


A Pocket-Book for Boiler Makers and Steam Users, 


comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice JoHN Sexton. Second edition, royal 
32mo, roan, gilt edges, 5s. 


Electrolysis: a Practical Treatise on Nickeling, 
Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of Electricity. By HiprpoLyTe FONTAIN; ted 
from the French by J. A. Berty, C.E., Assoc. S.T.E, With engravings. 
Svo, cloth, 9s. . 
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Barlow's Tables of Squares, Cubes, Square Roots, 
Cube Roots, Reciprocal: of all Integer Numbers up to 10,000. Post 8vo, 
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1. Introduction * Geometry ty the Surveying ; com- 
Hn "Gronat Te an Estate or Parish by the onl with the 
-_ © ‘own Surveying— and 
on Plane 3. Levelling— 
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Setting out Curves, and for various Calculations, etc., ete., etc. 


Health and Comfort in House Building, or Ventila- 
tien with Warm Air by Self-Acting Suction Power, with Review of the 
mode of Calculating the Draught in Hot-Air Flues, and with some actual 
Experiments. . Dayspare, M.D., and J. W. Haywarp, M.D. 
Second edition, Supplement, with plates, demy Svo, cloth, 72. 6¢. 
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The Assayer’s Manual: an Abridged Treatise on 


the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Keri. Translated by W. T. BRANNT. With 65 
illustrations, ive: cloth, 12s. 6d, 


Electricity: its Theory, Sources, and Applications. 


By J. T. Spracue, M.S.T.E. Second edition, revised and enlarged, with 
numerous illustrations, crown 8vo, cloth, 155. 


The Practice of Hand Turning in Wood, Ivory, Shell, 


etc., with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By FRANcis CAMPIN, 
Third edition, with wood engravings, crown 8vo, cloth, 6s. 


CONTENTS : 

On Lathes—Turning Tools—Turning Wood—Drilling—Screw Cutting—Miscellaneous 
Apparatus Processes—Turning Particular Forms—Staining—Polishing—Spinning Metals 
—Materials—Ornamental Turning, etc. 
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Treatise on Watchwork, Past and Present. By the 


Rev. H. L. Netturopp, M.A., F.S.A. With 32 illustrations, crown 
Svo, cloth, 6s. 6d. 
CONTENTS : 

Definitions of Words and Terms used in Watchwork—Tools—Time—Historical Sum- 
mary—On Calculations of the Numbers for Wheels and Pinions; their P Sizes, 
‘Trains, etc.—Of Dial Wheels, or Motion Work—Length of Time of Going without Winding 
up—The Verge—The Horizontal—The Duplex—The Lever—The Chronometer— ng 
Watches—Keyless Watches—The Pendulum, or Spiral Spring—Compensation—Jewelling 
Pivot Holes—Clerkenwell—Fallacies of the Trade—Incapacity of Workmen—How to Choose 
and Use a Watch, etc. 


Algebra Self-Taught. By W. P. Hices, M.A, 
D.Sc., LL.D., Assoc. Inst. C.E., Author of ‘A Handbook of the Differ- 
ential Calculus,’ etc. Second edition, crown 8vo, cloth, 2s. 6d. 


CONTENTS : 

Symbols and the Signs of Operation—The Equation and the Unknown Quantity— 
Positive and Negative A ape pliers tc rl wpa ews Ee Expo- 
nents—Roots, and the Use of Exponents as Logarithms— rithms—Tables ——— 
and Proportionate Parts— Transformation of System of ithms—Common Uses of 
Common rithms—Compound Multiplication and the Binomial Theorem—Division, 
Fracti Ratio—Continued Proportion—The Series and the Summation of the Series— 
Limit of Series—Square and Cube Roots—Equati List of Formula, etc. 


Spons Dictionary of Engineering, Civil, Mechanical, 

aie tid oe Naval; pretncre tious in French, nernes De g 

Spanish, 3100 pp., and nearly engravings, in su vo, 

in 8 divisions, 5/. rh Complete in 3 vols., cloth, 5/. Boul in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. 12s. 
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Notes in Mechanical Engineering. Com 
forthe ws ofthe Stadenis attending % Beer et ob 
the ——, By ieee Laas Mem. Inst. 
Mem. We Mem. Soc, of Engineers. Corn teen datnnain 
aa ane and Boat Building: a complete Manual for 
containing echo free ve directions for the con- 
stration of Canoes, and ing Boats, ppl prey Craft. 


oie pak cay Wa numerous illustrations and 24 plate: of 
Drawings. Crown Svo, cloth, 7s. 6d. 


Proceedings of the National C lectricians, 
Me Gonmnns weaken 


Dynamo - Electricity, its Generation, Application, 


Transmission, Storage, and Measurement. By G. B. Prescorr. With 
545 illustrations. Svo, cloth, 1/. 14, : 


Domestic Electricity for Amateurs. Translated from 
™ the French of E. ise gs: Editor of ‘* L’Electricien,” by C. J. 
- Warton, Assoc. Soc, Tel. Eng. Numerous illustrations, Demy 8vo, 

— sa Contents: ; 
~. s. Production of the Electric Current—2. Electric Belle— 3. Automatic Domestic 
‘ £ Deesnic Applicnicn Clocks—6. Electric Lighters—7. Domestic Electric 

. 8. Domestic of the ne Ree ht—g. Electric Motors—to, Electrical 
- tion—11. Electric Recreations—1 


q Wrinkles in Electric Lighting. By Vincent STEPHEN. 
» With illustrations, 18mo, cloth, 22, 6d. 
} Conranrs: 

‘ 2. The Electric Current and its production by Chemich! means—s. Production of Electric 


_— Currents Mechanical means—y. Dynamo-Electric Machines—. Electric Lamps— 
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The Practical Flax Spinner ; being a scot by tan of 
and Tow 


the Growth, M oy 
t'Deltce” With illustrations, 


q C. MARSHALL, of 
Foundations and Foundation Walls for all classes of 


Buildings, Pile Building Stones and Bricks, Pier and Wall 
ree Sean Pian Contain Gaiosea mieten aoe &c. 64 ilinz- 
trations, By G, T. Powewt and F. Bauman. $vo, cloth, raz, 67. 
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Manual for Gas Engineering Students. By D. Let. 
18mo, cloth 1s. 


Hydraulic Machinery, Past and Present. A Lecture 


delivered to the London and Suburban Railway Officials’ Association. 
By H. Apams, Mem, Inst. C.E. Folding plate. 8vo, sewed, 15, 


Twenty Years with the Indicator. By Tuomas Pray, 


Jun., C.E., M.E., Member of the American Society of Civil Engincers, 
2 vols., royal 8vo, cloth, 125. 6d. 


Annual Statistical Report of. the Secretary to the 
Members of the Iron and Steel Association on the Home and Foreign Iron 
and Steel Industries in 1884. Issued March 1885. 8vo, sewed, 55. 


Bad Drains, and How to Test them; with Notes on 


the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin 
and Transmission of Zymotic Disease. By R. HARRIS REEves, Crown 
8vo, cloth, 3s. 6d, 


Well Sinking. The modern practice of Sinking 
and Boring Wells, with geological considerations and examples of Wells. 
By ERNEST Spon, Assoc. Mem. Inst. C.E., Mem. Soc. Fng., and of the 


Franklin Inst., etc. Second edition, revised and enlarged. Crown 8yo, 
cloth, 10s. 6d, 


Pneumatic Transmission of Messages and Parcels 


between Paris and London, vid Calais and Dover. By J. B. BERviER, 
C.E. Small folio, sewed, 6d. 


List of Tests (Reagents), arranged in alphabetical 
order, according to the names of the originators. Designed ally 
for the convenient reference of Chemists, Pharmacists, and Scientists, 
By Hans M. WILDER. Crown 8yo, cloth, 45. 6d. 


Ten Years’ Experience in Works of Intermittent 


Downward Filtration. By J. Baitey Denton, Mem. Inst. C.E. 
Second edition, with additions. Royal 8vo, sewed, 4s. 


A Treatise on the Manufacture of Soap and Candles, 
Lubricants and Glycerin. By W. LANT CARPENTER, B.A., B.Sc. (late 
of Messrs. C. Thomas and Brothers, Bristol). W7th illustrations. Crown 
8vo, cloth, 10s, 6d, 
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Steam Making, or Boiler Practice. By Cuanves A. 
Sarrn, C.E. cloth, rar, 6¢. 
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The Fireman's Guide; a Handbook on the Care of 


Boilers. TEKNOLOG, fGreningen T. 1. Stockholm. Translated from 
the third ecltder nod revised by Kart P. Danistrom, M.E. Second 
edition, Feap. 8vo, cloth, 2. 


A Treatise on Modern Steam Engines and Boilers, 
: including Land Locomotive, and Marine and Boilers, for the 
- ' use of Students. By Frepexicx Co.ysr, M. C.E., Mem. Inst. M.E. 
& With 36 plates. 40, cloth, 252. 


a Contents: 
.- ™ a. Introduction—2. Original Engines—3. Boilers— 4. High-Pressure Beam 
; Gesuiehy Treas Engine Rlecioottal ighaae—r. Engines—8. Vertical 


Lig Ry aig Special Engines—10, Portable Engines—11. Locomotive Engines— 


Steam Engine Managenent ; a Treatise on the 
tact soon ome 


Land Surveying on the Meridian and Perpendi 
+ as a, Seley ey orn tat occa 


The T: ographer, his Instruments and Methods, 
the of Students, Amateur Photographers, 

-—Engfery an ll perions intersted inthe loetion and cotsrscton of 
and engravings. By Lewis M. Haver, A.M. 8vo, cloth, 18¢. 


A Text-Book of Tanning, embracing th Freparatio 
. ernie. By Heiay R. Paocres FCS, of Lighis 
Tanneries. With illustratiens, Crown $vo, 


In super-royal Svo, 1268 pp., with 2400 illustrations, in 3 Divisions, cloth, price 13s. 67. 
each ; or 1 vol., cloth, 2/.; or half-morocco, a/, 8s. 


A SUPPLEMENT 


SPONS’ DICTIONARY OF ENGINEERING. 


EDITED BY ERNEST SPON, Mens. Soc, ENGINEERS, 


Abacus, Counters, Speed Coal Mining. 
Indicators, and Slide Coal Cutting Machines. 


Rule. 


| Coke Ovens. Copper, 


Agricultural Implements) Docks. Drainage. 


and Machinery. 
Air Compressors. 


Animal Charcoal Ma- 


chinery. 
Antimony, 
Axles and Axle-boxes, 
Barn Machinery. 
Belts and Belting. 
Blasting. Boilers. 
Brakes, 
Brick Machinery. 
Bridges. 
Cages for Mines. 


Calculus, Differential and 


Integral. 

Canals, 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts, 

Coal 
Washing. 


| Dredging Machinery. 
| Dynamo - Electric and 
Magneto-Electric Ma- 

| chines, 

| Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetails, Telephones 

Engines, Varieties of. 

_ Explosives. Fans. 

| Founding, Moulding and 

| the practical work of 

_ the Foundry. 

_ Gas, Manufacture of. 

| Hammers, Steam and 

| other Power. 

Heat. Horse Power. 


| Hydraulics. 


Cleansing and Lifts, Hoists, and Eleva- 
| tors. 


Hydro-geology. 
Indicators. Iron. 


Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion, 

Pumps, 

Pyrometers, 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Tramways. 


Well Sinking. 
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PRODUCTS, 


Epitep ry C. G. WARNFORD LOCK, F.LS. 
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WORKSHOP RECEIPTS, 


THIRD SERIES. 


By C. G. WARNFORD LOCK. 
Uniform with the First and Second Series. 


Alloys. 
Aluminium. 
Antimony. 
Barium. 
Beryllium. 
Bismuth. 
Cadmium. 
Cesium. 
Calcium. 
Cerium. 
Chromium. 
Cobalt. 
Copper. 
Didymium. 
Electrics. 
Enamels and Glazes. 
Erbium. 
Gallium. 
Glass. 
Gold. 


SYNOPSIS OF CONTENTS. 


Indium. 
Iridium. 

Iron and Steel. 
Lacquersand Lacquering,. 
Lanthanum, 
Lead, 
Lithium. 
Lubricants. 
Magnesium. 
Manganese. 
Mercury. 
Mica. 
Molybdenum. 
Nickel. 
Niobium. 
Osmium. 
Palladium. 
Platinum. 
Potassium. 
Rhodium. 


Rubidium, 
Ruthenium, 
Selenium. 
Silver. 
Slag. 
Sodium, 
Strontium. 
Tantalum. 
Terbium, 
Thallium. 
Thorium, 
Tin, 
Titanium, 
Tungsten. 
Uraniunt. 
Vanadium, 
Yttrium, 
Zinc. 
Zirconium, 
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- WORKSHOP RECEIPTS, 


FOURTH SERIES, 
DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 


By C. G. WARNFORD LOCK. 


260 Tlustrations, with Complete Index, and a General Index to the 
Four Series, 5s. 


_ Waterproofing — rubber miscellaneous 
goods, cuprammonium processes, 


Packing and Storing articles of delicate odour or colour, of a deliquescent 


character, liable to ignition, apt to suffer from insects or damp, or casily 


Embalming and Preserving anatomical specimens. 
Leather Polishes. 


Cooling Air and Water, low temperatures, cooling 
aliitited enteitonns ond enpacnting vals floes lanes by _ 
Pumps and Siphons, embracing every useful contrivance for raising and 


moderate scale, and 
ra be Sor Ral e, moving corrosive, tenacious, 


‘Desic and water-ovens, and other appliances for drying natural 


and products, ' 
ne —wetes, tinctures, extracts, pharmaceutical preparations, essences, 
Emulsifying as required by pharmacists and photographers. 
Evaporating—saline and other solutions, and liquids demanding special 


precautions. 
Filtering—water, and solutions of various kinds. 
Percolating and Macerating. 
Electrotyping 


by both plaster and paper processes. 
in all its details, 


_ Straw Plaiting and the fabrication of baskets, matting, etc. 


1 ents—the and 

Musical ents “opps, tuning, repair of pianos, 

Clock and Watch Mending—adapted for intelligent amateurs. 

pounanemnn -socumt, Cevelomnes in processes, ing Bente 
tions to modern illustrative purposes. 
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JUST PUBLISHED. 


In demy 8vo, cloth, 600 pages, and 1420 I Illustrations, 6s. 
SPONS’ 
MECHANICS’ OWN BOOK; 
A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 


CONTENTS. 


Mechanical Drawing—Casting and Founding in Iron, Brass, Bronze, 
and other Alloys—Forging and Finishing Iron—Sheetmetal Working 
—Soldering, Brazing, and Burning—Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses, Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture, 
Garden and Yard Erections, and House Building—Cabinet-Making 
and Veneering— Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling— Staining Furniture, Woods, Floors, and 
Fittings—Gilding, dead and bright, on various grounds—Polishing 
Marble, Metals, and Wood—Varnishing—Mechanical movements, 
illustrating contrivances for transmitting motion—Turning in Wood 
and Metals—Masonry, embracing Stonework, Brickwork, Terracotta, 
and .Concrete—Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c.— 
Glazing with and without putty, and lead glazing—Plastering and 
Whitewashing — Paper-hanging — Gas-fitting—Bell-hanging, ordinary 
and electric Systems —~ Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges—Hedges, Ditches, and Drains— Water 
Supply and Sanitation—Hints on House Construction suited to new 
countries. 
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